Small cell lung cancer (SCLC) is of a high-grade malignancy with a high metastatic potential and poor clinical prognosis. Unfortunately, SCLC initially exhibits a good response to chemotherapy and radiation therapy, but inevitably, relapses decrease patients' chance of survival. Despite tremendous advances on the development of new chemotherapeutic agents, the prognosis of this disease remains poor. Immunotherapy plays a role in eliciting an anticancer response by modulating the patient's immune response of the tumor. Several studies have demonstrated that abnormal autoimmune regulation has a close relationship with SCLC. Thus, several immunotherapy trials are focused on SCLC treatment, including such approaches as immune checkpoints blockers, tumor vaccine, antigenic targets and adoptive cellular immunotherapy to benefit patients with SCLC. To date, the results from immunotherapy in SCLC have not been promising. For example, tumor vaccines have not been demonstrated to have a significant survival benefit. However, there have been many promising advances with immune checkpoints blockers. This review will provide a general overview of immunotherapy in SCLC. The landmark clinical trials in previous successful immunotherapy studies are summarized here. Finally, the challenges of immunotherapy in SCLC are discussed to facilitate the prediction of possible and valuable strategies for future therapy.
Lung cancer remains the leading cause of cancer-related deaths worldwide [1] . Lung cancer is classified into non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). SCLC, a histological subtype, accounts for approximately 15% of all lung cancers cases. SCLC patients are classified into limited disease SCLC (LD-SCLC) and extensive disease SCLC (ED-SCLC). For LD-SCLC, chemotherapy (cisplatin or carboplatin with etoposide) combined with thoracic radiotherapy is the standard strategy [2] . Systemic chemotherapy is recommended for the treatment of patients with limited and extensive SCLC. Unfortunately, SCLC initially shows a good response to chemotherapy and radiation therapy, but relapses result in poor survival. The median survival of this patient group is approximately 7-12 months [3, 4] . Although new chemotherapeutic agents are being continuously developed, the prognosis of this disease remains poor due to limited treatment efficacy [5, 6] . Traditional therapies (radiotherapy and chemotherapy) have limited effectiveness; therefore, new strategies to improve outcome are urgently needed.
Targeted molecular therapies such as Erlotinib and Crizotinib have brought significant advances in the treatment of NSCLC. However, there has been limited success with these targeted approaches in clinical trials for SCLC [7] . Although many researchers have studied the efficacy of targeted molecular therapy for SCLC, unfortunately, the results from clinical studies of investigational new drugs are not encouraging due to the tumor heterogeneity at the genetic level [8] . This leads to the question of whether any successful strategies can be developed for SCLC.
Immunotherapy could help solve this problem. Immunotherapy plays a role in eliciting an anticancer response by modulating the patient's immune response to the tumor, specifically by enhancing host immune surveillance and/or decreasing tolerance to tumor cells [9] . recent studies have demonstrated that immunotherapy achieves a good response against tumor cells in lung cancer. Numerous immunotherapy trials are focused on NSCLC treatment, but few studies have been conducted to examine the efficacy of immunotherapy for the treatment of SCLC.
previous studies have indicated that abnormal autoimmunity regulation is closely related to SCLC. SCLC patients with immune-mediated Lambert-Eaton myasthenic syndrome are prone to remain in a limited stage for a longer period of time and have improved survival [10] . In addition, patients with higher ratios of forkhead box protein p3 (FOXp3)-expressing cells infiltrating into tumors have a worse survival rate [11] . Furthermore, a higher ratio of antitumor effector T cells (Teffs) to regulatory T cells was observed in longterm survivors of SCLC compared with those who had recurrent disease [12] . An analysis of T cells in peripheral blood samples also reveals higher counts of immune Teffs in LD-SCLC patients than in ED-SCLC patients [13] . These observations suggest that strategies such as shifting the Tcell balance that act by promoting antitumor immunity can delay tumor growth in patients with SCLC. There has been notable progress in SCLC immunotherapy-based therapeutic approaches such as immune checkpoints, tumor vaccine and antigenic targets. This article reviews recent clinical trials in SCLC treatments that utilize immunology to induce antitumor effects (Table 1) .
Immune checkpoint inhibitor
A series of regulatory pathways maintain a balance between the appropriate recognition and destruction of pathogens or tumors to prevent the overstimulation of immune responses. Costimulatory and co-inhibitory factors play a key role in immune regulation after stimulation of the T-cell receptor by fine-tuning the antigen-specific T-cell response [14] . The first step in the generation of a specific T-cell response is that the T-cell receptor (TCr) recognizes the antigenic peptides in the context of major histocompatibility complex (MHC) molecules on the surface of antigen-presenting cells (ApCs) [15] . However, the entire T-cell activation process needs a second "costimulatory" signal as well as TCr-antigenic-MHC. This second signal is generated during the costimulatory receptor-CD28 on the surface of T cells binding to B7 ligand subtypes CD80 and CD86 on the ApC. There are other similar types of molecules including CD134, and CD137 that enhance the signal that leads to T-cell activation and thereby help to potentiate the immune response by co-stimulation through CD28. Co-inhibition molecules such as cytotoxic T-lymphocyteassociated antigen-4 (CTLA-4), programmed death-1 (pD-1), B7-H3, and B7x weaken antigen-specific immune responses by limiting their magnitude and duration. These co-inhibition molecules are called "immune checkpoint proteins. " Immune checkpoint inhibition has showed promising advances in cancer immunotherapy, including blockade of CTLA-4 and programmed death receptor ligand (pD-L1) (Figure 1 ). Blockade of immune checkpoints with monoclonal antibodies is considered as a promising therapeutic tool in oncology [16] , including SCLC. A study investigating CTLA-4, pD-1 and pD-L1 distribution and clinical value in liquid biopsy (such as blood) of SCLC patients showed that those cytokines are not only key components of immune checkpoints for cancer, but they are also highly expressed in liquid biopsy of SCLC patients [17] .
PD-1 receptor blockade. pD-1 belongs to the CD28 family of proteins. It is a receptor located on the surface of T cells to regulate their proliferation and activation [18] . Its ligand is programmed cell death-ligand 1 (pD-L1), a 40-kDa type 1 transmembrane protein. pD-L1 can suppress the immune system in cases of autoimmune disease and viral infections. The formation of the pD-1/pD-L1 pathway can transmit an inhibitory signal to reduce T cell activity followed by suppression of the immune system. pD-1 receptor-ligand interaction is often hijacked by tumors to perturb immune-tolerance or negatively control antigen-specific T-cell activity [19] . Inhibition of this pathway with anti-pD-1/pD-L1 antibodies has been demonstrated to exert a promising antitumor effect against several human malignancies, including NSCLC [20, 21] . Is this type of effectiveness applicable to SCLC? In vitro, pD-1 and pD-L1 molecules are co-expressed on the surface of SCLC cells. Studies have implied that pD-1 and its ligand on the SCLC cells can participate in the growth inhibition of tumor cells as reported in cytotoxic T cells [22] . In vivo, the expression of pD-L1 in tumor cells was significantly correlated with LD-SCLC, and it showed significantly longer overall survival (OS) than pD-L1-negative patients. This seems to be contradictory to the rationales of using pD-1/pD-L1 mAbs/ blockers in clinical trails, as the pD-1/pD-L1 pathway inhibits anti-cancer immunity in most cases. This could be due to the expression of pD-L1 being significantly higher in SCLC patients with LD-SCLC than in those with ED-SCLC. Given that a LD stage has been reported to be a prognostic factor in SCLC patients, pD-L1 expression has been related to a good prognosis. Additionally, the threshold for positivity not being clearly defined could contibute to the inconclusive results [23] . A few clinical trials have attempted to explore the efficacy of the pD-1 receptor blockade in SCLC.
Nivolumab is a fully human IgG4 pD-1 immune checkpoint inhibitor. A phase I/II study mainly investigated whether combined blockade of pD-1 and CTLA-4 immune checkpoint pathways could improve the anti-tumor activity with a manageable safety profile in SCLC [24] . Key eligibility criteria for the SCLC cohort include: confirmed, measurable disease, and failure of standard therapy. Seventy-five patients were enrolled. The patients were randomized assigned to the Nivolumab group (3 mg/kg, intravenous injection, two times per week) group or the Nivolumab + Ipilimumab group (1+1 mg/kg, 1 +3 mg/kg or 3 + 1 mg/kg; intravenous injection; three times per week for 4 cycles followed by Nivolumab 3 mg/kg two times per week). The number of patients in the Nivolumab group was 40, and the Nivolumab + Ipilimumab group included 35 patients. In the Nivolumab group, 6 (15%) experienced partial response (pr), 9 (22.5%) experienced stable disease (SD) and 25 (62.5%) experienced progressive disease (pD). In 20 evaluable Nivolumab + Ipilimumab patients, 1 (5%) had complete response (Cr), 4 (20%) had a pr, 6 (30%) had SD and 9 (45%) had pD. Orr was 15% (Nivolumab) and 25% (Nivolumab + Ipilimumab) for the evaluable patients, respectively. The responses were durable and were presented independent of initial platinum sensitive or refractory, and they were as not dependent on pD-L1 expression. Adverse events were tolerable. Drug-related adverse events occurring in ≥10% of the patients were fatigue (18%), diarrhea (13%), nausea (10%), and decreased appetite (10%) in the Nivolumab group; while fatigue (29%), diarrhea (17%), pruritus (14%), nausea, endocrine disorders and rash (11% each) occurred in the Nivolumab + Ipilimumab group. In summary, Nivolumab + Ipilimumab has the potential to cure SCLC. Safety and biomarker analysis will be presented along with new clinical activity.
Pembrolizumab is an anti-pD-1 monoclonal antibody that is designed to block the pD-1/pD-L1 pathway. The treatment options for patients with metastatic SCLC who are on platinum-based chemotherapy are limited. In this context, a phase Ib study was launched to assess the safety and efficacy of pembrolizumab in patients with pD-L1+ SCLC. Of the 135 patients with SCLC who were screened, 37 (27%) had pD-L+ tumors. Sixteen patients received pembrolizumab after platinum and etoposide. Four of the 16 (25%) evaluable patients underwent a pr. One (7%) patient had SD. The disease control rate is approximately 31%. Nine patients experienced drugrelated adverse events; only one patient had a degree of grade ≥3 [25] . pembrolizumab has promising antitumor activity in patients with pD-L1+ SCLC who have progressed on prior platinum-based therapy. The safety and efficacy of pembrolizumab in patients with pD-L1+ SCLC were similar to other malignancies. NCT02359019 and NCT02403920 that investigate pembrolizumab + chemotherapy or pembrolizumab + chemotherapy + radiotherapy in SCLC are ongoing. The results of these correlation studies are expected to be beneficial for the SCLC patients with limited life-span.
Anticytotoxic T-lymphocyte-associated antigen-4. CTLA-4 is another important immune checkpoint protein. It is expressed on activated T cells, and it has a higher affinity for B7 ligands compared with CD28, thereby competitively inhibiting CD28-mediated T-cell activation and limiting the subsequent T-cell response [26, 27] . Therefore, blockade of the CTLA-4 checkpoint pathway could be a reasonable approach to combat cancer.
Ipilimumab, an anti-CTLA-4 monoclonal antibody, has been approved for treatment of unresectable or metastatic melanoma by the Food and Drug Administration (FDA). Can Ipilimumab demonstrate a survival benefit in SCLC? A phase II study evaluated the efficacy of Ipilimumab + paclitaxel (Taxol)/Carboplatin in ED-SCLC [28] . patients (n = 130) with chemotherapy-naive ED-SCLC were randomized 1: 1: 1 to receive paclitaxel /Carboplatin with either placebo (control) or Ipilimumab 10 mg/kg in two alternative regimens, concurrent with Ipilimumab (Ipilimumab + paclitaxel/Carboplatin followed by placebo + paclitaxel/Carboplatin) or phased Ipilimumab (placebo + paclitaxel/Carboplatin followed by Ipilimumab + paclitaxel/Carboplatin). Treatment was administered every 3 weeks for a maximum of 18 weeks (induction), followed by maintenance with Ipilimumab or placebo every 12 weeks. Unfortunately, no improvement in pFS (hazard ratio (Hr) = 0.93; P = 0.37) or OS (Hr = 0.75; P = 0.13) occurred for the phased Ipilimumab, but immune-related pFS versus control (Hr = 0.64; P = 0.03) was improved. While phased Ipilimumab, concurrent Ipilimumab and control were associated with median immune-related pFS of 6.4, 5.7 and 5.3 months, respectively, the median pFS was 5.2, 3.9 and 5.2 months, and the median OS was 12.9, 9.1 and 9.9 months. Ipilimumab combined with paclitaxel/Carboplatin shows clinical activity in patients with previously untreated ED-SCLC when administered as a phased regimen. These results suggest further investigation of Ipilimumab in ED-SCLC.
Adoptive cellular immunotherapy
Adoptive cellular immunotherapy has been considered as an important antitumor treatment for many years. Mediating antigen-specific activation of effector T cells is a critical part of the adaptive immune system. Activation of effector T cells targets tumor cells directly or mediates subsequent humoral antitumor responses. After T-cell activation in response to a specific antigen, a subset of lymphocytes called regulatory T cells subsequently plays a major role in downregulating the resulting immune response and establishing immune tolerance to the antigens, thereby allowing the body to suppress autoimmunity. Transfusion of an adequate quantity of lymphocytes to recognize and lyse tumor cells was the basis for successful adoptive cell therapy [29] .
Expanded activated autologous lymphocytes (EAAL) are T lymphocytes that are isolated from cancer patients with immobilized anti-CD3 monoclonal antibody. It was obtained by proliferation of peripheral blood mononuclear cells (pBMCs) of patients followed by phenotype determination. To investigate the clinical efficacy of EAAL in patients with SCLC, a total of 32 SCLC patients were selected and randomly divided into EAAL treatment and control groups with 16 cases in each group. The OS of the EAAL treatment group was longer than that of control group, but the difference was not statistically significant (17.6 vs. 10 months, P=0.060, Hr=0.487, 95%CI 0.228~1.037). Although the 1-to 3-year survival rates in the EAAL treatment group were longer than those in the control group, there was no significant difference (p>0.05) [30] . Generally, EAAL adoptive immunotherapy could prolong the OS of SCLC patients.
In addition to EAAL, cellular immunotherapy (CIT) with autologous natural killer (NK), γδT, and CIK cells has also been investigated [31] . A pilot prospective cohort study was conducted with SCLC patients who responded to initial chemotherapy to survey the efficacy and safety of CIT as maintenance therapy for SCLC patients. A total of 58 patients were randomly assigned to receive either CIT as maintenance therapy (study group), or to be followed-up without further treatment (control group). The results showed pFS was not significantly different between the groups, but OS was significantly longer in the study group than the control group (20 vs. 11.5 months, P = 0.005). Correspondingly, OS was longer in the study group compared to the control group (26.5 vs. 11.8 months, P = 0.033) among patients with limited-stage disease. Of particular interest was that pFS and OS were longer in the study group than the control group (5 vs. 2.7 months, P = 0.037; and 14.5 vs. 9 months, P = 0.038, respectively) among patients with extensive-stage disease. No significant adverse events occurred in patients undergoing CIT. Thus, integrating CIT into current treatment could be a novel strategy for SCLC therapy.
Cancer vaccine
Cancer vaccines are designed to present a unique allogeneic tumor antigen, including limited to whole tumor cells, DNA bearing viral vectors, proteins, or peptides [32] , to the adaptive immune system, thereby stimulating the humoral immune response against the specific antigen (Figure 1) . The ultimate goals of vaccine therapy are producing long-lasting, active memory, which would consequently yield faster and more robust responses to re-exposure. Thus far, the effectiveness of lung cancer vaccine has been discouraging [33] ; however, there have been several promising advances in the treatment of SCLC.
BEC2/BCG vaccine. The glycosphingolipid antigen GD3 is highly expressed in SCLC, but it is rarely expressed in normal tissues. BEC2, a monoclonal antibody that mimics GD3 promoted anti-tumor immune by selectively targeting ganglioside GD3. A clinical trial of 15 patients who had completed standard therapy for SCLC received a series of intradermal immunizations consisting of 2.5 mg of BEC2 plus BCG over a 10-week period [34] . Five patients were determined to have anti-GD3 antibodies, including those with the longest relapsefree survival. The median relapse-free survival for patients with extensive stage disease was 11 months and limited stage disease was >47 months. BEC2 plus BCG can induce anti-GD3 antibodies, and it is safe for patients with SCLC after standard therapy. The survival and relapse-free survival in this group of patients was substantially longer than those observed in a prior group of similar patients.
As a result of the impressive survival achievedin the small group of patients with SCLC, a large, randomized phase III trial was initiated for patients with LD-SCLC and complete or partial response to at least 4 cycles of 2-drug induction chemotherapy and chest radiotherapy [35] . A total of 515 patients with limited-stage SCLC were randomly assigned to receive BEC2/BCG or BSC. At the end of monitoring interval, the median OS was not significantly different between the groups (16.4 vs. 14.3 months). The pFS also failed to achieve statistical significance. Bec2/BCG vaccination as maintenance therapy in responding patients with limited-disease SCLC is essentially not effective. Bec2/BCG vaccination is one single antigenic target with higher titers of anti-GD3, but additional antigens could be required to formulate a multivalent vaccine.
INGN-225. Over 90% of SCLC patients harbored p53 gene mutation, and the p53 protein has been suggested as a potential antigenic target that can be exploited with immunotherapeutic strategies [36] . INGN-225 was designed for the p53 protein.
It is produced from autologous peripheral blood mononuclear cells, and then it is cultured in the presence of IL-4 and granulocyte macrophage colony-stimulating factor prior to incubation with a viral construct containing wild-type p53.
A study was launched to test the immunologic and clinical effects of a new cancer vaccine consisting of DC transduced with the full-length wild-type p53 gene delivered via an ad- enoviral vector in patients with ED-SCLC [37] . Twenty-nine patients were vaccinated repeatedly at 2-week intervals. p53-specific T cell responses to vaccination were observed in 57.1% of the patients. Vaccination-related immunologic responses were positively associated with a moderate increase in the titer of anti-adenovirus antibodies, and negatively with an accumulation of immature myeloid cells. Additionally, a high rate of objective clinical responses to chemotherapy (61.9%) that immediately followed vaccination was observed. Clinical response to subsequent chemotherapy was closely associated with induction of immunologic response to vaccination. This study provides clinical support for an emerging paradigm in cancer immunotherapy wherein the optimal use of vaccination could be more effective, not as a separate modality, but in direct combination with chemotherapy. Subsequently, the updated study that enrolled 54 patients with ED-SCLC revealed that most of the patients had disease progression (two patients (3.7%) had a pr, and 13 achieved SD that was specifically related to the vaccine).
A more recent phase I/II study [38] The tumor microenvironment has been shown to interfere with effective immune recognition [39] . There is growing evidence to suggest that the elimination of myeloid-derived suppressor cells (MDSCs) during medical interventions can improve the prognosis of SCLC patients [40] . In a clinical trial of patients with ED-SCLC [41] , forty-one patients were randomized into three arms: arm A-control, arm B-vaccination with dendritic cells transduced with wild-type p53, and arm C-vaccination in combination with MDSC targeted therapy with all-trans retinoic acid (ATrA). MDSC depletion in cancer patients can improve the antitumor immune response to vaccination, suggesting that cancer vaccine combination targeting the tumor microenvironment factors could be an ideal strategy.
Several factors including reduced antigen presentation, antigenic loss, cytokines, immunosuppressive cells and immune checkpoints have been recognized to associate with tumor escape [42] . Vaccine-induced T-cell responses to overcome the tumoral mechanisms of immune escape could lack significant clinically outcomes; however, cancer vaccines continue to be studied as adjunctive therapy.
Others
Inhibition that potentially synergizes with cytotoxic and targeted therapeutics could be beneficial for SCLC patients. An open-label, randomized phase II study (NCT01439568) showed that selected ED-SCLC patients with high levels of circulating tumor cells (CTCs ) and/or CXCr4 expression on CTCs and/or tumor tissue at baseline can benefit by the addition of CXCr4 antagonist LY2510924 (LY) based on results from receiver operating characteristic curves [43] .
Challenges in immunotherapy for SCLC
There are many challenges in developing immunotherapy for SCLC. First, the biology of SCLC is complex and has not been fully elucidated. The complex genetic heterogeneity observed in SCLC patients limits the success of any treatment, including immunotherapy. SCLC evades the immune response to tumors more effectively by greatly reducing the transcription of HLA-A, B, and C and beta 2m genes compared with other lung cancer types [44] . Immune escape is closely associated with the recurrence of the disease leading to poor patient survival [45] . Several studies have indicated that the immune system can promote the control of cancer in concert with conventional chemotherapy or radiotherapy. Cell death due to radiotherapy and some chemotherapeutic agents can induce immune-stimulatory effects by encouraging tumor antigen-specific immune responses or by altering the immunologic properties of any remaining tumor cells. This anticancer immune response then helps to eliminate residual cancer cells that survived chemotherapy or radiotherapy or maintain micro-metastases in a stage of dormancy [46] . This phenomenon, called the "abscopal effect" was initially hypothesized to indicate that radiation provides an antigen release that stimulates effector immune cells to induce tumor cell death outside of the irradiation field [47] . This is an indication that the schedule of immunotherapy in relation to other therapies can result in the best benefits for patients with SCLC. Secondly, there are no prognostic or predictive biomarkers in SCLC. No indication can be used to select SCLC patient subgroups that could benefit the most from specific immunotherapeutic approaches. Yet, identifying patient populations that can derive the greatest benefit to treatment remains a therapeutic challenge. In addition, response to immunotherapy requires time. SCLC is a high-grade malignancy, and it possesses a high tendency to disseminate and poor clinical prognosis. It is well known that the development of any immune response requires time. However, the SCLC patients might not have any time to mount an appropriate immune response. Therefore, the timing of immunotherapy in relation to other therapies, in particular chemotherapy, is critical to allowing disease control and the development of an immune response.
The aim of immunotherapy is to enhance the immune system's ability to recognize and specifically eliminate cancer cells while minimally impacting healthy lung tissue. There is mounting evidence that advanced immunotherapy is less effective than chemotherapy. However, the immunotherapy response is not significant or durable in SCLC. Evidence of an immune response in SCLC and a better understanding of the immunosuppressive tumor environment support the combined use of immunemodulators, such as Ipilimumab, with traditional chemotherapy regimens to improve patient outcomes and potentially sustain the effect from chemotherapeutic induction. Numerous findings support the clinical evaluation of different treatment schedules of immunotherapy with chemoradiotherapy or chemotherapy alone as strategies to circumvent the challenges associated with immunotherapeutic intervention for SCLC. Overcoming immune tolerance and improving the activation of antitumor T cells via combinatorial approaches could represent a new and more promising therapeutic application for active immunotherapies in SCLC.
